s- and d-wave solution of Eliashberg equations with finite bandwidth 
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In this work, we discuss the results of the direct solution of the Eliashberg equations with finite bandwidth, in 
the cases of s- and d-wave symmetry for the pair wave function and in the presence of scattering from impurities. 
We show that the reduction of the critical temperature T c due to the finite bandwidth depends on the value of 
the bandwidth itself, but is almost independent of the symmetry of the order parameter. The same happens 
for the shape of Z(u) and A(w). Moreover, we discuss the effect of the finite bandwidth on the shape of the 
quasiparticle density of states. The results clearly indicate that the infinite bandwidth approximation leads to an 
underestimation of the electron-boson coupling constant. 



High-T c cuprates and fullerenes are character- 
ized by phononic energies (fi p hon) comparable 
with the electronic ones (E-p) while in low-T c su- 
perconductors it is always Ep ^> f2 p hon ■ This last 
condition leads to the standard Eliashberg equa- 
tions [jjj obtained within the limit Ep — > +00. In 
this paper, we study the effect of a finite band- 
width m on some relevant physical quantities in 
the framework of the Eliashberg theory. For sim- 
plicity, we disregard the important related prob- 
lem of the breakdown of the Migdal's theorem, 
and put to zero the Coulomb pseudopotential 
[X* M. The kernels of the Eliashberg equations 
(EE) for the renormalization function Z(oj, k) and 
the order parameter A(cj, k) contain the retarded 
electron-boson interaction a 2 (tt, k, k')i r (f2). Re- 
ferring to high-T c cuprates, we assume k and k' 
to lie in the ab plane (Cu02 plane) and call <j) 
and 4>' their azimuthal angles in this plane ||||,^| . 
We integrate over the effective band normal to 
the Fermi surface from — W to +W, and ex- 
pand a 2 (Q, <f>, <j)')F(p,) in terms of basis functions 
V'o {4>) — 1 an d ipi {<fi) = V% cos (2(f)) in the fol- 
lowing way: 

a 2 {n,ct>A')F{n) = a 2 oa F(n)i/j (</>) (0') 

+a 2 n F(n)^ (<£)Vi (</>')■ 
We then search for a s + id solution with 

A n ((j>) = A(iw n ,4>) = A s (iu; n ) + A d {iLu n )tpi (<j>) 
Z n ((j>) = Z(iw n , (f>) = Z s (iuj n ) + Z d (kj n )ipi (<f>) . 

In this case, and in the Matsubara representa- 
tion, the Eliashberg equations in the presence of 



impurities become 
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where uj n — it(2n + l)fcsT, and r 1 is the impu- 
rity scattering rate. Furthermore we know that: 



P n {cj>) = AnWZnW/y/uZZZte) + A 2 n ^)Z 2 (^) 



N n (4>) = u n Z n {$)l^/ulZl($) + AU4>)Z^4>). 

Thus we have four equations for Z s (uj n ), 
Z c i(\ijJ n ), A s (iuj n ) and Ad(iw„). Here we only con- 
sider the case Zd(iw n ) = ||. 

In our numerical analysis we put, for simplic- 
ity, a 2 1 F(Q)=gd-a 2 , Q F(Sl,) where gd is a constant 
and, as a consequence, = gd-^ s f|||- We used 
for «q F(O) the spectral function we experimen- 
tally determined in Bi 2 Sr 2 CaCu20 8 (BSCCO) § 




250 500 750 1000 1250 1500 
W (meV) 



Figure 1. (a) The critical temperature T c versus 
the bandwidth W. (b) A(iai n =o), at T=4 K, versus 
W. The inset of (a) reports A e // versus W. 

appropriately scaled to give, in both the s and d 
cases, T c = 97 K in the W = oo limit. The 
coupling constants result to be A s = 3.15 for the 
s-wave case, A s = 2 and A^ = 2.3 for the ci-wave 
one. From the direct numerical solution of the 
EE we found that the symmetry of A„(0) de- 
pends on the values of the coupling constants A s 
and Xd and, for particular values of A s and A^, on 
the starting values of A s and A^. 

As shown in Fig. 1 (a) and (b) , the dependence 
of T c and A(iw n= o) at T=A K on the bandwidth 
W is almost the same in both the s- and ci-wave 
symmetries. The reduction of the bandwidth re- 
sults in a sensible reduction of T c and, on a minor 
extent, of A(ia> n= o). In Fig. 2 we show the ci-wave 
normalized density of states, calculated through 
the analytical continuation with Pade approxi- 
mants of the imaginary-axis solution, for various 
values of W at T=2 K §. As in the s-wave case 
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Figure 2. The d-wave normalized density of states, 
at T = 2 K, for W=100, 350 and 10000 meV. 

(not shown), the effect of a small bandwidth is 
remarkable particularly at high energies. These 
curves are in better agreement with tunneling ex- 
perimental data than those obtained for an infi- 
nite bandwidth, particularly for the presence of 
a dip above the peak (at about 2A) and because 
they asymptotically tend to 1 from above. 

We have also calculated the real and imaginary 
parts of the functions A(w) and Z(u>) in the s- 
and d-wave cases. For small values of W, these 
functions are markedly modified with respect to 
the infinite bandwidth case, independently of the 
symmetry. In the inset of Fig. 1(a) we show (only 
in the s-wave case) the values of A e ff necessary to 
obtain T c = 97 K, for various values of W. We 
conclude that the use of the standard Eliahsberg 
equations when Ep — ^ P hon leads to underesti- 
mate the real value of the electron-boson coupling 
constant. 
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